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Large swaths of discovery space
remain— including Y-ray emitting
binary stars
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3FGL catalog:
nearly 1000 sources
“unassociated”



Fermi expands MSP parameter space
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Fermi expands MSP parameter space
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Fermi expands MSP parameter space
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Optical + X-ray + radio follow-up
of un-IDed Fermi sources 1s a
promising route to discovering new
classes of (stellar) Y-ray sources.



4.1m SOAR telescope

Cerro Pachon, Chile

El Pefidn
Future site of the LSST
Gemini South




1FGL J1417.7-4407

Chandra data
+ 1FGL error
circle




1FGL J1417.7-4407

DSS image +
Chandra
position +
1FGL error
circle




Optical counterpart to 1FGL J14177?
Looks periodic!

Light Curves Cataliia

Sky
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The Catalina Surveys

P=5.3744362

Q(@ TS

Select |Catalina ID Period (days) [False Alarm Prob.
-0 | (3043079018997 |2.6872181 2.9067e-24

1| |3043079018997 [2.6865786 4.54533e-24

-2 | |3043079018997 |1.5857569 1.15099¢e-18

-3 | |3043079018997 |0.7272905 2.46113e-18

4 | |3043079018997 |0.6132995 6.73207e-18

-5 | |3043079018997 [5.3744362 2.9067e-24




Normalized Flux

Optical follow-up of J1417

Strader et al 2015
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Optical follow-up of J1417

Radial
velocities from
photospheric
absorption lines
trace the orbit
of the secondary
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Optical follow-up of J1417
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Strader et al 2015

Optical follow-up of J1417
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Optical follow-up of J1417

100

radial velocity (km/s)
o

—-100

K = 115.7 km/s

P = 5.3738 d

Strader et al 2015

0 0.5

phase

1 1.5

Long Period
(5.4 days)=>
Red giant

secondary!



Optical follow-up of J1417
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J1417 1s a progenitor system of

Binary Orbital Period (Days)

“normal” MSPs
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Arbitrary Flux

J141

7 HX

5 _l L] L] L] L] I l-
L 2014 May 2.4 ¢ =0.955 -
— T —

2014 May 2.1 $ =0912 ]

[ 2014

- 2014
2014
- 2014
3 | 2014
- 2015
- 2015
2 :'2014

- 2014

[ 2014

[ 2013 Jan 15.4

= n—

T ——

29.0

Mar 3.2

Aug 26.0

Aug 20.0

HE | H
Jan 11.3 ‘ : :
a | .

Feb 18.4

Feb 18.3

Mar 16.3

Sep 20.0

Jun 15.2

-1500

1000 -500 0 500
Ha Radial Velocity (kms™)

1000

1500

Emission line
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J1417: a transitional MSP

1in the accretion-powered
(LMXB-1l1i1ke) state?

ESA
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more energetic shock due to wind(?)



J1417 Fermi/LAT Emission
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spectrum 1s power-law with index ~ 2.4,
curvature not required



L (ergs™')

J1417:

Y-ray luminosity higher
than nearly all MSPs
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J1417: A Huntsman under
control?




J1417 detected as a

millisecond pulsar!

e Bl Bla Ba apc ®e weic @7 Ok MF mmi ~E EFa fi fi fi( [
&« C' | ] astro.phys.wvu.edu/GalacticMSPs/GalacticMSPs.txt
% Bookmarks [lltosee [ Sci [ crts ™M gm NRAO Archive [ tosee2 4 nba Y! [3 NOAA WU

#GalacticMSPs.txt lists all published and unpublished millisecond pulsars
#not associated with a globular cluster. A millisecond pulsar is defined as
#P < 30 ms. Send any updates/corrections to duncan.lorimer@gmail.com

#

#From left to right, the columns list the pulsar name, spin period (P in ms),
#dispersion measure (DM in pc/cc), Galactic longitude (1 in deg), Galactic
#latitude (b in deg), orbital period (Pb in days), projected semi major axis
#(x in light s) and some discovery notes (year, telescope and survey). Those
#pulsars with no orbiting companions are currently known are listed as N/A.
#Parameters not vet measured (or not known) are denoted bv a "*".

B1257+12 6.22 10.2 311.3 75.4 pulsar planets 1990 AO-430
J1301+0833 1.84 13.2 310.8 71.3 0.272 0.078 2010 GBT-Fermi
J1308-23 2.83 22.4 308 39 * * 2015 GBT-GBNCC
J1302-3258 3.77 26.2 305.6 29.8 0.784 0.928 2009 GBT-Fermi
J1311-3430 2.56 37.9 307.7 28.2 0.065 0.011 2012 GBT-Fermi
J1312+0051 4.23 15.3 314.8 63.2 38.504 14.750 2010 GBT-Fermi
J1327-0755 2.68 27.9 318.4 54.8 8.439 6.645 2009 GBT-Drift
J1337-6423 9.42 260.3 307.9 -2.0 4.785 13.086 2012 PKS-HTRU
J1400-14 3.08 4.9 327.0 45.3 9.5 8.1 2011 GBT-Drift
J1405-4656 _7.60 13.9 315.8 14.1 8.956 6.56 2013 PKS-HTRU
J1417-44 2.66 55 318.9 16.5 * * 2015 PKS-Fermi I
Jl421-44 6.38 D55 319.4  15.7 binary TBD 2015 PKS-SUPERB
J1431-4715 2.01 59.4 319.9 12.3 0.449 0.550 2013 PKS-HTRU
J1431-5740 4.11 131.5 315.9 2.7 2.726 2.270 2013 PKS-HTRU
J1435-6100 9.35 113.7 315.2 -0.6 1.355 6.184 2001 PKS-PMPS
J1439-5501 28.64 14.6 318.1 4.6 2.118 9.833 2004 PKS-PMPS
J1446-4701 2.19 55.8 322.5 11.4 0.278 0.064 2012 PKS-HTRU
J1453+1902 5.79 14.1 23.4 60.8 N/A N/A 2007 AO-430 2
T14RR_2?23N 7 @@ 12 A ]}WN 7 22 A 7TA 178 22 W|? 100K DRI_QQQ (Camllo et

al.)



Given the evidence for a ~constant

accretion disk over the last ~2 yr,
some (uncomfortable) options:

— J1417 1s a transitional MSP with
short (days?) transition timescales

— Despite the presence of a disk 1in
J1417, no accretion actually occurs

— It 1s possible to have the
simultaneous occurrence of accretion

and a radio pulsar



Progress on J1417:

e Look for X-ray mode switching in
Chandra data (approved)

* Radio observations to search for (or
rule out) a bright jet

* Ongoing optical observations to
monitor state of disk

e Ongoing Fermi observations to look
for variability

e Pulsar timing observations will
yield better constraints on mass of
neutron star



J1417 1s not alone

We have at least

one more Vvery
similar object:
Fermi source
with neutron
star primary and
giant secondary




Addendum: v




radial velocity (km/s)

Addendum: 1FGL J1018.6-5856

Goi Hy | has a neutron star
l companion.

Strader et al 2015b phase
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Parameters for J0523

M; = 2.08 958 Mg
My = 1.28705: M

Again, a massive neutron star
(with a large uncertainty—could improve a little)

The more unusual conclusion is that the secondary is
so massive—much more so than any other redback



Parameters for J0523
M; = 2.08 958 Mg
My = 1.28705: M

Again, a massive neutron star
(with a large uncertainty—could improve a little)

The more unusual conclusion is that the secondary is
so massive—much more so than any other redback

Detecting primary as a pulsar would help a lot!
We have obtained 6 hr of GBT time to search for a
pulsar (search ongoing)



High-energy emission

Xlng et al (20I4)
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Evidence for orbital variability in gamma-rays above 2
GeV: suggests some gamma-ray emission from a shock



